Abstract: A green and efficient procedure was established to synthesize 1,4-dihydropyridines via one-pot Hantzsch reactions in buffering conditions without the use of organic solvent. In this method, Glycine-HCl buffer solution was used as solvent and catalyst reaction; therefore, using this method has several benefits including high yields, an environmentally friendly procedure, short reaction times, and a simple work-up procedure. All the compounds were characterized by TLC, FT-IR, 1 H NMR and elemental studies.
Introduction
1,4-Dihydropyridines (1,4-DHPs) are an significant class of bioactive molecules, well known for their role as calcium channel modulators and used widely for the treatment of hypertension [1] [2] [3] . The derivatives of 1,4-DHPs have shown a variety of biological activities such as vasodilator, bronchodilator, antitumor, hepatoprotective and geroprotective activity 4, 5 . Commercial drugs such as Nifedipine which are a prototype of the 1,4-DHP structure has been used extensively in both antianginal and antihypertensive treatment 6 . Hantzsch reported the first synthesis of dihydropyridine in1882 in the course of developing his beneficial synthetic method for pyridine 7 . This reaction produces 1,4-dihydropyridines, as isolable intermediates, that can then be oxidized to pyridines. The Hantzsch synthesis of dihydropyridines has been revisited by many chemists over the years. This synthesis allows the efficient preparation of 1,4-dihydropyridines (3) through a one-pot multicomponent condensation reaction of an aldehyde (1), ethylacetoacetate (2) and ammonium acetate performed at 80°C under solvent-free conditions 7 (Scheme 1). 20 . Likewise urease was found to be an efficient biocompatible catalyst for synthesis of 1,4-DHPs in water via urea/ammonium-based Hantzsch reaction 21 . Recently, the progress of modified Hantzsch reactions in aqueous medium, solvent-, and/or catalyst-free synthesis has attracted the consideration of chemists because they are environmentally benign processes 22, 23 . Considering the importance of Hantzsch reaction and the diverse applications of 1,4-DHPs and the limitation with the previous synthetic routes and our earlier interest in green procedures of one-pot multicomponent reactions, here, we report an efficient and green procedure for the Hantzsch reaction by one-pot cyclocondensation of aldehydes, ammonium salts, and β-keto esters under organic solvent-free conditions.
Experimental

Chemical material and apparatus
All substrates were obtained from Merck of the highest quality and were used without further purification.
1 HNMR spectra were recorded with a Bruker UltraShield spectrometer at 400 MHz. The spectra were measured in CDCl3, using TMS as the internal standard. Infrared spectra were recorded on a Thermonicolet (Nexus 670) FT-infrared spectrometer, using KBr disks. Agilent 1200 Series HPLC System was used for the unreacted reactant determination.
Chemistry 2.2.1. Preparation of glycine buffers
For preparation of glycine buffers were used of solutions of Glycine (0.2M), HCl (0.2M) and NaOH (0.2M). (See supporting information).
General procedure for the one-pot Hantzsch reaction in buffer solution
A mixture of aldehyde (1 mmol), alkyl acetoacetate (2 mmol) and anhydrous ammonium carbonate (1 mmol) was stirred in buffer solution (pH=2.2, 3 mL) at 50-65 ̊C . After completion of the reaction (TLC monitoring), the mixture was diluted with cold H2O (5 mL) and filtered to remove the precipitated product which was further purified by recrystallization from EtOH/H2O.
Results and Discussion
Tamaddon and co-worker reported 24 the synthesis of 1,4-dihydropyridines using ammonium carbonate with high yield at long reaction times. Also, Kumar and co-worker presented 25 catalytic efficiency of glycine nitrate (GlyNO3) ionic liquid under microwave (MW) irradiation for the synthesis of symmetrical and unsymmetrical 1,4-DHPs, in which the yield of the reaction in the water was very low. We herein introduce a convenient, inexpensive and efficient synthetic method in glycine-HCl buffer as a solvent and biocatalyst. So, to optimize the pH of glycine buffer, in initial experiments, benzaldehyde, ethyl acetoacetate, and ammonium carbonate (molar ratio was 1:2:1) were used as model reactants in the different pH ( Table 1) . As shown in Table 1 , generally, in alkaline buffers offered less efficiency and lower yields (entries 1and 2), but the reaction proceeded in a considerably high yield under acidic buffer conditions due to glycine and low pH. As regards, ammonium carbonate is decomposed into water and ammonia by heat and ammonia is released from the reaction medium, As a result, efficiency decreases. In our method, ammonia is absorbed by glycine in low pH, thus preventing the release of ammonia. Therefore, in the open system and at high temperature, the amount of ammonia in the solution remains constant (Scheme 2).
Scheme 2. Behavior of glycine with changing pH
Less leaks of the ammonia of this procedure are not only facilitated for the Hantzsch reaction but also has the potential application for others with easy decomposition and/or malodorous reactants such as ammonium salts, including NH3. From the results of Table 1 , it could easily be seen that entry 6 has high yielding compared other entries. The reaction temperature might range from 0 to 90 C, below the boiling point of water. Therefore, the effect of temperature on the reaction was investigated. The results listed in Table 2 showed that the reaction temperature does not have much effect on the efficiency and reaction time. So, the reaction temperature was 50-65 C, and this open system would not only prevent the loss of the ammonium salts and environmental pollution but also proved satisfactory with respect to reaction time and yield of the desired 1,4-DHPs. After the completion of the reaction, 1,4-DHPs were isolated by simple filtration. The filtrate containing the excess unreacted reactant (ranged from 2% to 5% determined by HPLC) was used in the next cycle without further treatment. The Hantzsch reactions of various aromatic aldehydes with ethylor methyl acetoacetate and Ammonium carbonate were performed based on the optimized conditions to yield respective 1,4-DHPs (Scheme 3), and the results are presented in Table 3 . In all cases, good yields ranging from 75% to 98%. Aromatic aldehydes possessing either electron-donating or electronwithdrawing substituents afforded good yields of 1,4-DHPs in high purity. An important feature of this method is the reuse of the buffer solution for other reactions. Therefore, this procedure has the advantages such as high yields, an environmentally friendly procedure, short reaction times, and a simple work-up procedure. 
Conclusion
We have developed a rapid, convenient and clean method for synthesis of DHPs under buffering conditions. Notable features of the reported novel methodology are: (a) high efficiency; (b) easy workup; (c) shorter reaction times; (d) elimination of the use of toxic reagents, organic solvents and inorganic catalysts; and (e) recyclable performance, which has the potential application for the green synthesis.
